found that the convective heat transfer coefficient of nanofluid in developing and developed areas along the extensive pipes represented a significant improvement than the conventional fluid 2 . Vajjha et al theoretically evaluated the improved heat transfer of nanofluid laminar flow in planar 3 . For 1% nanoparticle concentration, the relative increase in the Nusselt number reaches 5%. The overall heat transfer coefficient of Cu-O water nanofluid with 0.015% volumetric concentration is a function of Reynolds number. Under the influence of the fluid inlet temperature, overall heat transfer coefficient of Cu-O water nanofluid increases as the Reynolds number increases, while it is relatively complicated for temperature 4 . Similar results were obtained for Fe-O water nanofluid in 0.015% volume concentration. Due to its lower viscosity, one can see that Reynolds numbers of Fe-O water nanofluid are greater than Cu-O water nanofluid; therefore, increase in the concentration of nanoparticles causes more heat transfer in Fe-O water nanofluids than Cu-O water nanofluids 5 . Empirical analysis of heat transfer coefficient shows that heat transfer characteristics improve as Reynolds number increases and concentration of nanofluids decreases. For heat load, the required pumping power increases as concentration of nanofluids increases. For hot and cold fluid flow rate, both energy consumption and heat transfer ratio were lower for water compared to nanofluids. Nanofluids required a lower flow rate, but the higher-pressure drop of water occurred for it. The pump with specified power can eliminate more heat by nanofluids than water, although, maximum ratio of heat transfer was obtained at the lowest concentration of nanofluids 6 . Evaluation of deionized water by 35nm Cu in nanofluids inside the tube with constant wall heat flow showed that the ratio of Nusselt number in nanofluid to pure water under the same conditions of flow rate varies from 1.05 to 1.14 by increasing volume fraction of nanoparticles, from 0.5 to 1.2% 7 . Growth of temperature for nanofluids is larger than pure water. Because of the increased heat transfer for nanofluids, thickness of thermal boundary layer decreases because of non-uniform development of thermal conductivity and viscosity resulting from Brownian movement of nanoparticles. The wall shear stress increases with Reynolds number and concentration of nanoparticles 8 . Heat transfer ratio decreases as the load of nanoparticles increases; this shows that nanoparticles with more than 2% volume fraction need to be avoided, because they are both more expensive and cause intensive pressure loss. They also increase viscosity which is not favourable for heat transfer; thus, power consumption increases dramatically for the considered thermal load as nanofluid volume concentration increases. In other words, the effect of viscosity increase on heat transfer coefficient is more than that of increase in thermal conductivity for the optimal and higher volume concentration 6 . For example, Farajollahi et al used Al-O and Ti-O nanofluids in shell and tube heat exchanger and showed that nanofluids could increase the heat transfer characteristics compared to baseline nanofluids 9 . Convective heat transfer and pressure drop of turbulent flow of diluted Cu-O water nanofluid in rotational tube was empirically evaluated and it was found that addition of Cu-O nanoparticles to the base fluid substantially increased heat transfer coefficient. On average, a 25% increase in heat transfer and 20% pressure drop was observed; this did not reflect specific changes of Cu-O concentration in this nanofluid. Stability of this flow increased also compared to the baseline fluid and even at very low concentrations of Cu-O. The term nanofluid was used by the Choi to explain suspended materials with thermal conductivity compared to the base fluid. Nanofluids have greater stability, higher surface area, and lesser obstruction and erosion 10 . Some of these cases are subject to the convective heat transfer during turbulent flow. Mayga et al evaluated hydrodynamic and thermal properties of nanofluids inside a pipe with uniform temperature under laminar and turbulent flows by a single-phase model with specific characteristics; the results suggested that increase in nanoparticles could increase the heat transfer compared the base fluid 10 .
Ding and colleagues examined a maximum increase of heat transfer by up to 350% in the carbon nanopipe nanofluid with Reynolds number 800 in 110 times the diameter of the tube. Increase in convective heat transfer is also subject to increased heat conduction, organized particles, increased heat flux, and reduced thickness of thermal boundary layer, based on nanoparticles and nanofluids in a high proportion of carbon nanopipes 11 . The natural convection of alumina oxide nanofluids was investigated numerically in a vertical loop. Numerical study of the natural convection of Al-O water nanofluids in vertical loops under influence of viscosity and conductor models was evaluated by the Nusselt number of nanofluids and a new relationship was developed for Nusselt number of nanofluids, which is a function of the Nusselt number of base fluid and fraction of particles with descending linear function (12) . Brownian movement of nanoparticles at the molecular and nanoscale level is the main mechanism of conductivity and thermal behaviour of nanofluids. Their model not only underlies temperature-dependent conductivity and fraction of particles, but also predicts the conductivity which is strongly dependent on the size. Different models like Einstein, Brickman, and Brownie can predict the viscosity of nanofluids 13 .
EXPERIMENTAL
This study was first numerically used in Gambit software, version 2.3.16 as a pre-processor software to generate geometry of the flow field, to adjust the flow network and to determine the boundary conditions. To generate the desired geometry, draw a cylinder with 1m in length and 32mm in diameter and another cylinder with 1m in length and 5mm in diameter inside a large cylinder by three-dimensional environment of gambit; then, split the shell to separate the fluid passage into two single areas. To generate the network and to generate the hexahedron mesh, use two perpendicular planes with 1m in length and 32mm in width. Then, split the shell and the pipe, respectively, from these two perpendicular planes to divide the total volume of shell and tube to 8 parts. In defining the boundaries, in both tube and shell, one side is called as velocity inlet and the other side as pressure outlet and the tube is called tube wall; therefore, the software automatically introduces the tube as tube wallshadow. This is very important because the tube is introduced as a two-sided border. Navier-Stokes equations are used, including equations of mass conservation and conservation of momentum as well as energy equations. These equations governing the flow field in a turbulent flow change the Reynolds equations. To determine Reynolds stress tensor and calculate vortex viscosity, a two-equation model k-[ is used.
50-30nm Cu-O water nanoparticles were evaluated as the base fluid called as Cu-O nanofluid with 0.015, 0.031, 0.078, 0.157 and 0.236% volume concentrations by thermophysic characteristics of water and Cu-O nanoparticles, according to Table   1 , by Reynolds numbers in the range of 6000 <Re> 31000, in the analyst FLUENT. Figure 1 shows variations of heat transfer coefficient for Cu-O water nanofluids with different Reynolds numbers at different volume concentrations. To understand the effects of Reynolds number and volume concentration of nanoparticles on heat transfer of nanofluids, the ratio of convective heat transfer coefficient of nanofluids to water was studied. It is worth noting that the increase in heat transfer coefficient is caused by small amount of suspended Cu-O particles in water. The ratio of convective heat transfer coefficient of nanofluids to convective heat transfer coefficient of water, which is maximally 1, indicates a decreasing trend for the Reynolds number in all concentrations of Cu-O. This ratio states that the effect of nanoparticles is most noticeable at lower Reynolds numbers. Analysis of Pressure drop of nanofluids is also necessary when evaluating heat transfer function, because there is an increase in pressure drop of Cu-O nanofluid compared to the base nanofluid. This indicates that increase in Reynolds number increases pressure drop. By experimental and numerical techniques and results of this study, it is suggested to avoid nanofluids with more than 2% volume concentration, because they are both expensive and extensively drop pressure of the nanofluid. They also increase viscosity without benefit of heat transfer.
RESULTS AND DISCUSSION

Effect of Reynolds Number on the Heat Transfer Coefficient
Effect of Volume Fraction of Nanofluids on Thermal Conductivity
Fluid containing solid particles as nanofluids used advanced thermal conductivity compared to the base fluid. Its effective causes include reduced boundary layer, increased shear stress in the boundary layer flow and changed convection of particles due to Brownian motions. Thermal conductivity and nanofluid velocity influence Reynolds criterion; in addition to its direct effect, it plays an important role in increasing the heat transfer coefficient. Therefore, size and concentration of nanoparticles are important factors for thermal conductivity and However, as volume concentration of nanofluid increases, other properties of nanofluid such as viscosity and density increase, while specific heat of nanofluids is reduced. Figure 2 and Figure 3 represent effects of volumetric concentration of Cu-O water nanofluid on its thermal conductivity and volume concentration of Cu-O water nanofluid on its specific heat, respectively. As the figures show, the thermal conductivity of nanofluid increases while its specific heat decreases 
Evaluation of the Size of Nanoparticles on Heat Transfer
Thermal conductivity, density, viscosity, and specific heat of Cu-O water nanofluid are compared in different sizes. As the size of nanoparticles increases, thermal conductivity, viscosity and density of Cu-O water nanofluid increases. Increase and effect of density is more than that of viscosity on increased Reynolds number and decreased thermal capacity, which play an effective role on improved heat transfer. Nanoparticles may be in triangular, square, cylindrical, and spherical shapes. Non-spherical shapes may have more thermal conduction due to fast heat transfer in relatively large distances of nanoparticles; in turn, their viscosity increases, which itself increases temperature of the wall in its sharp tips whereby decreases Reynolds criterion. They may cause instability in the nanofluid flow due to aggregation instability. Therefore, sphericity is good. The following figures compare nanoparticles with 20, 40, and 60nm in diameters.
As shown in Fig 6, Fig 7, Fig 8, increase in the diameter of Cu-O nanoparticles increases density and thermal conductivity of copper nanoparticles, while their specific heat decreases.
Effect of Reynolds Number on the Wall Temperature
As the Reynolds number increases due to higher density and thermal conductivity of nanofluids, the wall temperature increases due to temperature dependence of thermal conductivity; as the temperature increases, the viscosity of nanofluids decreases; this is why Reynolds number increase. Due to collision of nanoparticles to the tube wall and absorbance of heat energy contained in it, however, wall temperature decreases. The evaluation between the wall temperature and Reynolds number showed that the heat energy absorbed in it and reduced wall temperature reduces the wall temperature while increasing nanoparticles to the base fluid. Therefore, when the temperature increases, the viscosity of nanofluid decreases and rapid alignment of nanoparticles occurs to create some contact between nanoparticles; in addition, decreasing particle in a fluid phase and near the wall causes a decreased thermal conductivity of boundary layers in the tube wall. In a constant concentration at different Reynolds numbers, this evaluation shows that temperature of a tube wall containing water flow as the base fluid is higher than the nanofluid flow and wall temperature decreases in both flows for higher Reynolds numbers. Figure 9 shows the pipe wall temperature in Celsius degrees, with increasing Reynolds at 0.015 and 0.031% volumetric concentration and water. Figure 10 represents temperature of Cu-O water nanofluid in the shell and tube of the heat exchanger as a fully turbulent and fully developed flow as well as the boundaries of heat transfer. Consistent with the increase in volume concentration and Reynolds number, Nusselt number of Cu-O water nanofluid gradually increases. By increasing volume concentration of nanofluid, Reynolds number of nanofluid increases due to the increased density of the nanofluid. Although viscosity of nanofluid increases, it is negligible compared to density. This is followed by increased shear stress of nanofluid, along with increased volume concentration of the nanoparticle. 3.5. Effect of Péclet Number on Heat Transfer Coefficient As nanoparticles increase to the base fluid, the heat transfer coefficient increases; in addition, heat transfer coefficient of nanofluid increases by increasing Péclet number, by increasing Reynolds number at a constant concentration, due to the constant Prandtl number and increased velocity compared to water. However, the heat transfer coefficient of nanofluid decreases as the volume concentration increases in a constant Reynolds number. Péclet number is equal to the product of the Prandtl number by the Reynolds number; the Reynolds number which occurs only in the velocity boundary layer is constant and the velocity is also constant. In contrast, the Prandtl number which occurs in the thermal boundary layer and the velocity boundary layer decreases. Because the reduced Prandtl number is more than increased Reynolds number, Péclet number decreases. Assuming that the temperature changes linearly in the thermal boundary layer, thermal conductivity and viscosity of the nanofluid increase as the volumetric concentration increases. As the volumetric concentration of nanofluid increases, the effects of increased viscosity on heat transfer coefficient are greater than the effects of increased thermal conductivity thereby increased hydraulic thickness and increased thermal boundary layer. Because of this increase in hydraulic thickness and thickness of the thermal boundary layer, the heat transfer coefficient reduces. All of these explanations are true for the overall heat transfer coefficient. It is worth noting that velocity and Reynolds increase simultaneously as the volumetric concentration of nanofluid increases; therefore, the overall increase in Reynolds number is higher; this increase is greater than decrease in the Prandtl number. In other words, it compensates for decline in Prandtl number; finally, Péclet number increases, which increases the heat transfer coefficient.
As shown in Figure 12 , Figure 13 , and Fig 14, Prandtl number decreases gradually as volumetric concentration of Cu-O water nanofluid increases; assuming the constant Reynolds number, Péclet number reduces. While, as the Reynolds number increases, as shown in Figure 11 , the Péclet number increases providing that increase in volumetric concentration of Cu-O water nanofluid does not exceed the increase in Reynolds number; otherwise, the result will be reverse.
Effect of Nanofluid Flow Rate on the Heat Transfer Coefficient
By increasing Reynolds number, velocity and flow rate increase along with concentration of nanofluid; thus the convective heat transfer coefficient increases and the slope of the increase is higher in the overall heat transfer coefficient. One of the possible dynamic effects of nanofluid flow rate causes nanoparticle dispersion, increased thermal conductivity, reduced boundary layer, and increased shear stress boundary layer when the heat flows the network. Figure 14 shows that increase in Reynolds number, flow rate increases due to the increased velocity of nanofluid. Figure 15 shows that heat transfer coefficient increases as the mass flow rate increases due to increased Reynolds number and velocity of nanofluid. Effect of Nusselt Number on the Heat Transfer Coefficient N u s s e l t n u m b e r i s t h e s l o p e o f dimensionless temperature at surface and the ratio of convection to the pure thermal conductivity of heat transfer; Nusselt number plays the same role in thermal boundary as the friction factor plays in the velocity boundary layer. By increasing Nusselt number at a constant concentration, as Péclet number, the heat transfer coefficient increases. As discussed earlier, this negatively influences Nusselt number along with increase in the volumetric concentration, because the thermal conductivity increases and negatively influences the Prandtl number. As a result, heat transfer coefficient decreases at a constant Reynolds number. However, these changes depend on constant or declining velocity. Therefore, as the volumetric concentration of nanofluid increases compared to water, increase in the Reynolds number is greater than decrease in Prandtl number, although the Prandtl number decreases by reduced specific heat capacity and increased thermal conductivity. Finally, these all cause increase in Nusselt number followed by increase in the heat transfer coefficient. There is a remarkable agreement between the heat transfer coefficient of nanofluid and Dittos-Bolter forecasts (Figure 16 ). It is also notable that these coefficients obtained for nanofluids are larger than water. As explained earlier, the effect of nanoparticle concentration ö on the heat transfer coefficient will be positive, that is, when assessing the very low concentration of Cu-O water nanofluids, increase in the heat transfer coefficient cannot be associated with increased thermal conductivity. An evaluation of the Nusselt number of Dittos-Bolter and Nusselt number of other experiments found a good agreement 10 . Figure 16 and the description given above show that heat transfer coefficient of Cu-O water nanofluid at volumetric concentration of nanofluid increases as the Nusselt number increases. At Reynolds 30,000 and the given volumetric concentration, there are 8, 11, 15, 20 and 31% increase in Nusselt number of Cu-O water nanofluid compared to water.
CONCLUSION
This research evaluated improved rate of heat transfer coefficient and friction factor of Cu-O water nanofluid compared to water-based fluids by Cu-O water nanofluid as a incompressible, homogeneous and turbulent flow in the shell and tube heat exchangers by numerical methods in FLUENT, given the constant thermophysic properties of nanofluids in the size of nanoparticles at nanofluid volume concentrations of 0.015, 0.031, 0.078, 0.157 and 0.236% of nanofluids, in the range of 6000 to 31000 Reynolds as a fully developed turbulent flow compared to the base fluid, water, and setting initial conditions and boundary conditions based on temperature and inlet velocity of nanofluids. Increase in the volume concentration and Reynolds of nanofluid increase the local heat transfer coefficient, overall heat transfer coefficient and pressure drop of nanofluids. Improved heat transfer coefficient compared to water-based fluids is concluded as 32 percent. With these results, addition of nanoparticles to water considerably increases convective heat transfer coefficient and rate. Addition of Cu-O nanoparticles to a base fluid significantly increases the heat transfer coefficient. On average, a 25% increase in heat transfer and 20% pressure drop were observed in this experiment. By increasing Reynolds number, convective heat transfer coefficient also increases and this increase is greater than the water as the base fluid. Heat transfer coefficient increases at higher concentrations; at all levels, the higher the Reynolds number, and the higher convective heat transfer rate of nanofluid to the pure water. Volumetric fraction or concentration ö of nanofluid influences on the thermal conductivity and heat transfer, so that the thermal conductivity and heat transfer coefficient increase along with increase in the volumetric fraction of nanoparticles. Rate of increasing variations in the heat transfer coefficient of Cu-O water nanofluid is more than that of thermal conductivity. For example, the heat transfer rate was examined at Reynolds 7000, 10000, 12000, 18000, 25000 and 30000 in water and Cu-O nanofluid with various concentrations of 0.015, 0.031, 0.078, 0.157, and 0.236%. At volumetric concentration of 0.236% and Reynolds 30000, the local heat transfer coefficient was approximately 20000 W/m 2 K and the ratio of thermal conductivity was 0.60553 W/mK. At volumetric concentration of 0.078% and Reynolds 30000, the local heat transfer coefficient was approximately 16000 W/ m 2 K and the ratio of thermal conductivity was 0.60182 W/mK.
Best volumetric concentration is 0.078%, because its percentage increase in pressure drop is less than the percentage increase in heat transfer coefficient. At the highest volumetric concentration, i.e., 0.236%, and the Reynolds number 3000, the Nusselt number of Cu-O water nanofluid increased by 32% compared to the base fluid and this increased by 17% in the optimal volume concentration.
